This letter introduces a 3D space-time-space block code for future terrestrial digital TV systems. The code is based on a double layer structure designed for inter-cell and intra-cell transmissions in single frequency networks. Without increasing the complexity of the receiver, the proposed code is very efficient to cope with equal and unequal received powers in single frequency network scenarios.
Introduction
Nowadays, one of the most promising technologies for the second generation of future terrestrial digital TV, concerned with flexibility, high bit rate and, portable and mobile reception is the combination of multiple-input multipleoutput (MIMO) and orthogonal frequency division multiplexing (OFDM)
techniques. To increase area coverage, single frequency networks (SFN) [1] 2 are used for broadcasting terrestrial digital TV. SFN are based on the simple addition of lower power transmitters at various sites throughout the coverage area. In an SFN, several transmitters transmit at the same moment the same signal on the same frequency. Because it is desirable to deploy SFN with lower transmitted powers, increased bit rates and better performance, new MIMO-OFDM systems have to be designed to ensure such transmission conditions.
In this letter, we present a 3-dimension (3D) space-time-space block code (STSBC) for MIMO-OFDM systems in SFN with mobile and portable reception. The use of a second space dimension is due to SFN. The proposed code is based on the combination of 2 layers: one layer corresponds to an inter-cell ST coding, the second corresponds to an intra-cell ST coding. In the following, we first present the scenario of mobile and portable reception with single layer reception. Then, we introduce our proposed code as a double layer code and adapt it to the SFN environment.
3D code
Consider a MIMO-OFDM communication system using (2×M T ) transmit antennas (Tx) and M R receive antennas (Rx) for a downlink communication.
In this letter, we propose to apply a distributed MIMO scheme in an SFN architecture. Such a system could be implemented on 2 different sites using generally, the double layer encoding matrix is described by:
In (1), the superscript indicates the layer, We will assume that the relative power imbalance factor between the received signals from the two sites is equal to β. At the receiving side, we assume that a sub-optimal iterative receiver is used for non-orthogonal STBC schemes. The sub-optimal solution proposed here consists of an iterative receiver where the ST detector and the channel decoder exchange extrinsic information in an iterative way until the algorithm converges [2] .
Single layer case: inter-cell ST coding
In the single layer case i.e. M T =1, the second layer matrix X (2) resumes to one element. The MIMO transmission is therefore achieved by the set of one antenna in each site. Due to the mobility of the terminal i.e. different assumed positions, the first layer ST scheme must be efficient face to unequal received powers. In this letter, we consider the orthogonal Alamouti code [3] , the space multiplexing (SM) scheme [4] and the Golden code [5] with M R = 2 Rx antennas. Without loss of generality, we assume that the transmission from a transmitting antenna i to a receiving antenna j is achieved for each sub-carrier n through a frequency non-selective Rayleigh fading channel. 
Double layer case
In the case of a double layer reception, the code construction is based on the single layer results. We restrict our study to M T =2 Tx antennas by site and M R =2 Rx antennas. We construct the first layer with the Alamouti scheme, since it is the most resistant for the case of unequal received powers. In a complementary way, we propose to construct the second layer with the Golden code since it offers the best results in the case of equal received powers. After combination of the 2 layers, (1) yields: gain is even greater when it is compared to the Golden code. Moreover, the maximum loss of our code due to unbalanced received powers is only equal to 3 dB in terms of E b /N 0 . These results confirm that the proposed 3D code is very robust whatever the spectral efficiency and the imbalance factor β.
Eventually, we should note that the factor β could be related to the channel impulse response delay and to the power path loss. Then, it can be used to adjust synchronisation problems.
Conclusion
In this letter, a new 3D STSBC is presented. It is based on a double layer structure defined for inter-cell and intra-cell situations by adequately combining the Alamouti code and the Golden code performance. We showed that our proposed scheme is very efficient to cope with equal and unequal received powers in SFN scenarios. 
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